Although endovascular surgery is now widely used to treat intracranial aneurysms, no comparative studies of clipping versus endovascular surgery to address distal ACA aneurysms at the same institution are available. We compared the results of these treatment modalities to address distal ACA aneurysms at our institution.
Introduction
distal anterior cerebral artery (aCa) aneurysms are relatively rare, comprising between 1.5 and 9.0% of all intracranial aneurysms 1, 2 , and tend to develop at the pericallosal-callosomarginal junction 1 . ohno et al. 3 reported that 67% of ruptured distal aCa aneurysms were less than 5 mm in diameter. as these aneurysms are characterized by several anatomical features such as an azygous-type aCa anomaly, a persistent anatomical communication between the right and left sides, an anterior communicating artery complex, or a developing bridging vein disturbing the access route, the depth of the surgical exposure and relative narrow surgical corridors, their treatment by direct surgery is difficult. rupture of distal aCa aneurysms may result in subarachnoid hemorrhage and the development of intracerebral or intraventricular hematoma (ICh, IVh) [3] [4] [5] .
among patients with distal aCa aneurysms a high rate (40-55%) of multiple aneurysms at other vessels has been reported [3] [4] [5] . according to a recent ISat report 6 , endovascular surgery gery, and 55 aneurysms treated by clipping surgery. thirteen patients were treated by endovascular surgery, six men and seven women aged from 36 to 81 years (mean 56.6 years). Fifty-five patients were treated by clipping surgery, 23 men and 32 women aged from 35 to 83 years (mean 58.0 years).
Selection of the treatment method was not randomized in this study. In selecting embolization, we considered the patients' age older than 65 years or overall health (WFnS grade IV or V) or the patient's wishes or hematoma volume which does not present a symptom of high intracranial pressure or possible complications. endovascular surgery was by endosaccular embolization without the balloon neck remodeling technique. Patients with ruptured aneurysms were placed under general anesthesia, those with unruptured aneurysms were treated is more effective than clipping surgery for the treatment of ruptured anterior circulation aneurysms and endovascular surgery is now widely used to manage intracranial aneurysms. however, at present there are no comparative studies examining the outcomes in patients treated at the same institution by clipping or endovascular surgery to address distal aCa aneurysms. We compared the results of these treatment modalities to address ruptured distal aCa aneurysms at our institution.
Materials and Methods
Between 1987 and 2009 we treated 68 patients with non-bacterial saccular ruptured distal aCa aneurysms at our hospital. thirteen aneurysms were treated by endovascular sur- Figure 1 the aneurysms are classified into 3 types and the results of treatment are compared. type a, small-necked aneurysms. type B, wide-necked aneurysms on the parent artery. type C, aneurysms in which the a3 portion of the aCa is separated from the aneurysmal dome. fested an azygous aCa anomaly (table 1) . Five aneurysms (38.5%) treated endovascularly manifested ICh and/or IVh as did 36 (65.5%) aneurysms treated by clipping surgery. Multiple aneurysms were present in one patient treated by endovascular surgery and in 18 patients who underwent clipping. of the 13 aneurysms treated by endovascular surgery, we classified six as type a, five as type B, and two as type C. of the 55 aneurysms treated by clipping surgery, we classified 29 as type a, 18 as type B, and eight as type C. of the distal aCa aneurysms 48.5% were wide-necked in which the a3 portion of the aCa arose from the aneurysmal dome near the neck.
Surgical approaches
as shown in table 2, in most cases, the approach to endovascular surgery was via the femoral artery. In the course of one endovascular procedure we were forced to change the approach route to direct common cervical artery puncture. Clipping surgery was performed by interhemispheric approach in 54 patients and by pterional approach in one, respectively.
Treatment results
the success rate was 92.3% in endovascular surgery and 98.2% in clipping surgery. two patients were unable to undergo the originally planned intervention and were treated by other methods. of the aneurysms addressed by endovascular surgery, four were occluded completely, in eight there was a neck remnant, and in one dome filling was performed; the mean overall follow-up period was 42.7 months (range 3-120 months). among the clipped aneurysms, 44 underwent complete neck clipping, in eight there was a neck remnant, and three were addressed by dome clipping; the overall mean follow-up period was 26.6 months (range 1-110 months).
Intra and post-operative complications
Intraoperative hemorrhage occurred during one endovascular and 19 clipping procedures; there was one instance of coil migration during embolization. Venous infarction due to iatrogenic cortical vein injury occurred in four instances of aneurysmal clipping. Post-embolization hemorrhage occurred in one case and coil compaction in three. one aneurysm re-rup-under local anesthesia. all patients treated by endovascular surgery received systemic heparinization; we delivered a 2000-unit heparin bolus followed by continuous intra-arterial infusion of 200 units/min. the activated coagulation time (aCt) was maintained at more than twice the control value. In attempts to preserve the parent artery, where necessary we left an aneurysmal neck remnant after packing the aneurysmal sac with coils. We used the femoral artery approach to address 11 aneurysms and three aneurysms were approached directly via the common cervical artery first. the approach route was changed in one patient from the femoral artery to the common carotid artery.
Clipping was performed under general anesthesia using the interhemispheric or pterional approach. the goal of direct surgery was preservation of the parent artery. Intraoperatively we monitored the aCa flow by doppler monitoring. In patients with intracerebral hematoma we attempted removal. acute hydrocephalus was addressed by ventricular drainage as soon as possible.
ours is a retrospective comparative study of the outcome following endovascular or clipping surgery to treat patients with distal aCa aneurysms. to assess the efficacy of endovascular surgery we classified all aneurysms as smallnecked aneurysms with a dome / neck (d/n) ratio more than 1.5 (type a), as wide-necked aneurysms with a d/n ratio less than 1.5 located on the parent artery (type B), and as aneurysms in which the a3 portion of the aCa arose from the aneurysmal dome near the neck (type C) ( Figure 1 ).
Results

Clinical and angiographic findings
Clinical and angiographic findings are shown in table 1. of the 13 aneurysms treated by endovascular surgery, 12 were located at the a2/ a3 portion of the aCa, the other arose at the infracallosal portion of the aCa. one of the aneurysms manifested an azygous aCa anomaly. the h&K classification was grade I in four, grade II and III in one each, grade IV in four, and grade V in three aneurysms treated by endovascular surgery. We clipped 55 aneurysms; 51 were located at the a2/a3 portion of the aCa, and two each at the infra and supracallosal part of the aCa, four aneurysms mani-
Case Presentation
this 60-year-old man suffered sudden-onset headache. on admission to our hospital he manifested no neurological deficits. Computed tomography (Ct) demonstrated subarachnoid hemorrhage at the right sylvian and interhemispheric cisterns (Figure 2a, B) . right ICa angiography revealed aneurysms at the right middle cerebral artery (MCa) and the distal portion of the right aCa ( Figure 2C ). as it was difficult to identify the aneurysmal rupture site we performed endovascular surgery. at the start of the procedure we delivered a 2000 u bolus of heparin, during the procedure heparin was infused systemically (200 u/min). his activated coagulation time was maintained at more than twice the control value. endovascular surgery was via the right femoral artery using an tured after clipping and one patient manifested acute post-operative epidural hematoma. Clip dislocation occurred in one case and post-operative angiographical vasospasm was recorded in one patient (7.7%) treated by endovascular surgery and in 28 patients (50.9%) treated by clipping surgery. makes treatment difficult. although a recent ISat report 6 documented that with respect to ruptured aneurysms, endovascular treatment was more efficient than clipping surgery, there are few reports on the efficacy of endovascular surgery to address distal aCa aneurysms.
Clipping of distal ACA aneurysms as shown in table 3, the reported morbidity and mortality rates in patients who underwent clipping surgery of distal aCa aneurysms ranged from 0 -65% and from 0 -9.3%, respectively 2, 3, [9] [10] [11] [12] [13] [14] [15] . Furthermore, many patients suffered intra-operative hemorrhage. the pterional and subfrontal approaches tend to be used when the aneurysm is located at the proximal aCa. Because distal aneurysms tend to arise at the pericallosal-callosomarginal artery bifurcation, most are addressed via the interhemispheric approach although this approach is complicated by the aneurysm's relative anatomical orientation. In the case of aneurysmal rupture, the presence of a hematoma raises additional issues regarding the anatomical orientation around the aneurysm. there is a high incidence of venous infarction attributable to iatrogenic cortical vein and brain tissue injury due to strong intraoperative brain retraction. In addition, from the perspective of anatomical positions, intraoperatively, the aneurysmal dome is seen before the neck, raising the incidence of intraoperative hemorrhage. In our series, angiography revealed a high rate of postoperative vasospasm due to mechanical vessel damage. therefore, a clear understanding of the microanatomy is necessary to decrease complications from clipping surgery for distal aCa aneurysms. enVoY guiding catheter (6 Fr; Cordis/Johnson & Johnson, Miami, FL, uSa). an excelsior SL-10 microcatheter (Boston Scientific) was introduced into the distal aCa aneurysm over the guidewire and the aneurysm was embolized with Guglielmi detachable coils (GdC; Boston Scientific) and MicroSpheres (Micrus Co.Ltd, uSa). a post-embolization angiograph showed complete aneurysmal occlusion ( Figure  2d ). next an excelsior SL-10 microcatheter was introduced into the MCa aneurysm over the guidewire and the aneurysm was embolized with GdC and MicroSpheres. Systemic heparin infusion was continued during the first 24 h after endovascular surgery and antiplatelet drugs were administered. angiography after endovascular surgery demonstrated an aneurysmal neck remnant (Figure 2d ). this patient suffered no complications during or after endovascular surgery. the original source of magnetic resonance angiography (Mra) images performed 12 months post-treatment demonstrated complete occlusion of the distal aCa aneurysm (Figure 2e ) and a neck remnant of the MCa aneurysm ( Figure 2F ).
Discussion
the characteristics of distal aCa aneurysms are the coexistence of multiple aneurysms and ICh and IVh due to aneurysmal rupture 5 . an azygos aCa was identified in 1.1% of anatomically 3 and 1.3% of radiologically studied cases 7 . according to Stefani et al. 8 , the diameter of the proximal aCa (a1 portion) is 2.61 ± 0.34 mm and that of the distal aCa (a2, a3 portion) is only 0.79 ± 0.27 mm: this difference proach is not possible 20 . We abandoned this approach in two of our current patients and proceeded using direct puncture of the carotid artery. Shortening of the access route facilitates microcatheter manipulation. another disadvantage of endovascular surgery involves the morphology of distal aCa aneurysms. table 5 lists treatment results based on aneurysm histology. type a aneurysms tend to be completely occluded despite a neck remnant and there were no instances of coil compaction during followup. the rate of complete occlusion was not higher in type B and C aneurysms, and the rate of coil compaction was relatively high. neck remodeling by balloon-assisted techniques tends to be impossible because the diameter of the aCa is only approximately 1 mm. this raises the risk of confinement of the parent artery and of occlusion or stenosis of the a3 portion of the aCa in type B and C aneurysms subjected to tight coil packing without the balloon neck-remodeling technique. the very important technical points for embolizaton are the stability of the guiding catheter for approach, the stability Embolization of distal ACA aneurysms table 4 lists previously reported [16] [17] [18] [19] and our results obtained by the endovascular treatment of distal aCa aneurysm. the successes, morbidity, and mortality rates are 92.3%, 9.2%, and 2.6%, respectively. Intraoperative hemorrhage occurred during 5.3% of the procedures and 1.3% of treated aneurysms bled postoperatively. there were no instances of postoperative infarction; angiographical vasospasm was recorded in 5.3% and coil compaction in 10.5% of reported patients. embolization under the neck remnant must be complete to avoid brain damage in surgically clipped aneurysms and to eliminate the risk of postoperative vasospasm. a disadvantage of endovascular surgery for distal aCa aneurysms is the long access route that complicates manipulation of the microcatheter. In two of our patients we were unable to approach the aneurysm via the femoral artery. elsewhere we reported the efficacy of direct puncture of the common carotid artery in elderly patients in whom the femoral artery ap- tion of the aneurysms although they did not result in an increase in the mortality rate. Venous infarction due to injury to the cortical vein during clipping surgery occurred in 7.3% clipping surgery group patients. Postoperative angiographically-confirmed vasospasm, primarily attributable to mechanical manipulation during clipping surgery, was higher in the clipping surgery group (50.9%) than the endovascular surgery group (7.7%). of the endovascular surgery group patients, 61.5% made a good recovery (Gr), 23.1% manifested moderate disability (Md), 15.4% manifested severe disability (Sd) and none were in a vegetative state (VS) or died from treatment-associated causes. In the clipping surgery group, 40% of the patients received a rating of Gr and 32.7% manifested Md; 5.5% were recorded as VS or deceased. there was no statistically significant difference in the treatment outcome between clipping surgery and endovascular surgery.
In general, clipping offers advantages over endovascular treatment in patients with distal aCa aneurysms, however, it demands expert surgical skills. Clipping tends to decrease the complication rate. however, patients with distal aCa aneurysms tend to harbor additional aneurysms at other locations, and this complicates the development of effective treatment strategies. endovascular surgery is advantageous in these patients because it allows the treatment of multiple aneurysms during the same non-invasive procedure. to avoid coil compaction, care must be taken to avoid overly tight coil packing and the blood flow in the parent artery must be preserved. We suggest that combined clipping and endovascular surgery may be a useful method to treat patients with aneurysms.
Conclusion
neither clipping nor endovascular surgery for distal aCa aneurysms is easy. the advantages and disadvantages of both treatment methods must be understood to select the best treatment on a patient-by-patient basis. of the microcatheter for endosaccular embolization and selection of coils for tight packing. the stability of the guiding catheter is important for operability of the microcatheter. a co-axial catheter system can be useful to support the stability of of guiding catheter because an access route is long. the shape of the microcatheter is very important for the stability of microcatheter, so shaping the microcatheter is based on the morphological date of each aneurysm. Sometimes a 14 type guide wire produces the driving force of the 10 type microcatheter. endosaccular embolization must be undertaken without the balloon-assisted technique because the distal aCa is too thin to insert a balloon catheter. So making a cage with the first coil is very important. Sometimes a 3d-coil is used first, but attention is necessary in the ruptured aneurysm. to ensure tight intra-aneurysmal coil packing, ten soft type 2d coils are useful.
Comparison of treatment results in our institution
the success rate was higher in the group of clipping surgery (98.2%) than the group of endovascular surgery (92.3%). In most patients scheduled for endovascular surgery it is possible to determine the appropriate approach route. In 30.8% of patients in the endovascular surgery group we obtained complete aneurysmal occlusion, in 61.5% there was a neck remnant, and in 7.7% we achieved dome filling. In the clipping surgery group, complete neck clipping was successful in 80%, and neck remnant and dome clipping in 20%. among endovascular surgery group patients the complete occlusion rate was low due to the morphology of their aneurysms; the coil compaction rate was 23.1%. the postoperative hemorrhage rate was higher in the endovascular surgery group (7.7%) than the clipping surgery group (1.8%). Intraoperative hemorrhage occurred in 34.5% of clipping surgery group patients and 7.7% of endovascular surgery group patients. these complications are attributable to strong brain retraction during clipping surgery and the microanatomical loca- 
